INTRODUCTION
The present paper is the third of a series of 4 that review the dlseases of Echinodermata. It considers the disease agents belonging to the Annelida (Polychaeta and Myzostomida), Tardigrada, Crustacea (Copepoda, Cirripedia and Malacostraca) , Arachnida, Pycnogonida, Insecta and Pisces. (Other metazoan agents have been considered in Part 11; Jangoux 1987b). As discussed in Part I (Jangoux 1987a) , I have adopted the definition of parasites proposed by Kinne (1980, p. 19) and used it in a vely broad sense, considering disease agents (parasites sensu lato) to represent any lund of harmful associate which affects, if even slightly, the echinoderm's tissues or internal fluids (Le, coelomic and hemal fluids) . ous species are known to live ectocommensally on echinoderms, only 3 cases of parasitism have been reported with polychaetes. According to Monticelli (1892) the eunicid Ophryotrocha puerilis occurs In the coelomic cavity of the holothuroid Ocnus planci from Naples (Italy) . Ganapati & Radhakrishna (1962) noted that 50% of the holothuroid Molpadia sp. investigated harbored the small hesionid Ancistrocyllis sp. either in the digestive tract or respiratory trees. The only case of unequivocal parasitism is that of the lumbrinereid Ophiuricola cynips which forms myzostomid-like galls at the base of the arms of the deep-sea ophuroid Ophioglypha tumulosa (Ludwig 1905) . According to Ludwig, the galls are rather large and partly protrude into the host's coelomic cavlty.
Agents: Annelida, Myzostomida DISEASES CAUSED BY METAZOANS
The class Myzostomida (about 110 described Agents: Annelida, Polychaeta species) occupies a peculiar place among echinoderm symblotes. They are aberrant annelids with a small Symbiotic polychaetes were reviewed by Paris (1955) flattened body several mm in length. Their most extraand Clark (1956) , both authors stating that these ordnary feature is their intimate association with polychaetes rarely affect echinoderms. While numerechinoderms; in fact there are no known free-living Table 1 . Parasitic myzostomids from echinoderms (compiled from the sources indicated). Myzostomid classificahon and species names according to Jagersten (1940) . Hosts: A, asteroid; C, crinoid; 0, ophiuroid. Records of conspicuous deformations caused by unidentified myzostomids were reported on several occasions (e.g. Carpenter 1889 for Acitinometra notata). Speel & Dearborn (1983) (6, Q ) Tropical W Pacific (Fij~ Graff (1884 gall-') and Kermadec 1887) Islands); NE Indian Ocean (Arafura Sea) 11. Pharyngidea Asteriomyzostornum asteriae
Sclerasterias neglecta. Sclerastenasrichard~ (A)
Hypertrophied pyloric caeca (proximal Graff (1884) . McClendon (1906) , Remscheid(l916) , Fishelson (1973 Fishelson ( , 1974 Hara & Okada (1921) . Fishelson (1973 Fishelson ( , 1974 ) Graff (1884) Cystimyzostorn um ijirnai Tropiometra macrodiscus, Capillaster rnultiradiatus (C) Neocoma tella pulchella, Adelometra angus tiradia (C) Horaeometra duplex, Stirernetra breviradia, Adelornetra angustiradja (C) Comanthina schlegeli (C) Metacrinus rotundus (( '1 Zygornetra rnertoni (C) Subcutaneous cyst on calyx (upper Graff (1887) off Samboangan) l worm cyst-' NW Pacific (Japan: Remscheid (1916 ) Fedotov (1925 ) Fedotov (1912 ), Barel & Kramers (1977 Okada (1922) Prouho (1892) . Wheeler (1896) . Jagersten (19401, Barel & Kramers (1977) myzostomids, nor is there any species associated with other phyla. Myzostomids n~ostly infest crinoids, but a few are known from asteroids and ophiuroids. Myzostomids are highly differentiated, both morphologically and ecologically. Their almost obligatory association with crinoids (they even infested now extinct crinoids; e.g. Meyer & Ausich 1983 , Arendt 1985 suggests that they are an ancient group which evolved together with clinoids. Myzostomids may be considered a unique case of 'symbiogenesis' involving a whole class of organisms (e.g. Clark 1921 , Stummer-Traunfels 1926 , Prenant 1959 . About 25 species of myzostomids have been recorded as echinoderm parasites (Table l ) , the remaining species being frequently referred to 'free-living'. However, these latter species are ectocommensals which generally live unattached on the echinoderm body surface. As pointed out by Stummer- Traunfels (1926) , 3 types of parasitic myzostomids may be distinguished depending on whether they are gahcole, cysticole or endoparasltic. Endoparasitic species feed on the host's tissues, while cysticole and gallicole species are suspension feeders which divert the water current produced by the host's ambulacra (galls and cysts are most often located near the ambulacral grooves and always have 2 apertures allowing passage of directional watercurrents) (Prenant 1959) . With rather few exceptions (e.g. Cystomyzostomum ijimai and Mesomyzostoma katoi; respectively Fishelson 1974 , Okada 1933 , parasitic myzostomids mostly infest bathyal echinoderms (in 200 to 1200 m water depth; Stummer-Traunfels 1926) . This fact explains why these parasitoses have been so anecdotically documented.
Gallicole species belong to the genus Myzostornurn. They dig into the dermal tlssue of crinoids arms or pinnules (Fig. l A , B) and build more or less spacious intradermal cavities, always located under skeletal ossicles. The cavities sometimes are very complicated, with internal partitions (e.g. in Myzostomum tenuispjnum; Graff 1884). Myzostomid galls often harbor a pair of individuals. Gallicole species were termed 'deformative Arten' by Stummer- Traunfels (1926) ; they induce conspicuous deformation of the host's ossicles which considerably enlarge and adjust their shape to that of the myzostomid's shelter (Graff 1884 , Wheeler 1896 , Stummer-Traunfels 1926 . Cysticole species belong to the genus Cystirnyzostomum; they behave differently in that they build remarkable stalked or unstalked cysts which are always subcutaneous (i.e. located outside the host's skeleton) and protrude into the external medium (Fig. 1C) . In many cases the cyst wall is reinforced by a pavement of minute skeletal plates (Graff 1884 , Stummer-Traunfels 1926 . Both gallicole and cysticole myzostomids induce major host reactions affecting the crinoid skeleton either by modifying size and shape of skeletal ossicles or by inducing the formation of additional skeletal plates. Such host reactions invite further investigations.
Among the 8 species of endoparasitic myzosotomids, 4 infest ophiuroid or cnnoid gonads (respectively Protomyzostomum spp. and Mesomyzostoma katol). Gonad-infesting myzostomids cause at least partial castration of their host. Fedotov (1916) reported that P. polynephns infests the gonads of its ophiuroid host by rupturing the wall of the bursae. Infestation may b e very intense (up to 119 myzostomids per host) and the parasites ingest germ cells causing direct castration of the gonads. The host reacts by progressively encysting each parasite by a thick layer of dense connective tissue in which minute calcareous ossicles are seen. Fedotov suggested moreover that germ cell dedifferentiation may also occur. According to Remscheid (1916) , Mesom yzostoma reichenspergiinfests gonads, while according to Prenant (1959) it affects only the arm coelom of its crinoid host and feeds on coelomocytes. Asteriomyzostomum asteriae (Fig. 2) is said to feed on the host's digestive contents; its occurrence supposedly increases the propensity of asteroids to shed their arms (Marenzeller 1895a, b) . Pulvinomyzostomum pulvinar might be more properly classified as 'semi-parasitic'. It inhabits the crinoid's digestive tract (anterior part) living intimately attached to the host's digestive epithelium without causing injury but diverting the flow of food particles entering the crinoid's mouth (Prenant 1959 , West & West 1976 . Van der Land 1975 , Kristensen 1980 . This symbiosis has been reported only from Brittany, France (Roscoff and adjoining areas) where it is common. Very high infestation rates occur in various populations, viz. 45, 80 and even 100% (respectively Bare1 & Kramers 1970 , Kristensen 1980 , Cuenot 1912 ). The number of T. synaptae per holothuroid is highly variable; it ranges from 2 to 3 up to 270 individuals (respectively Cuenot 1912 , Kristensen 1980 . The latter author noted that infestation occurs only from May to October (eggs and juveniles are seen in June and July). Kristensen presented photographic evidence that T. synaptae punctures the epidermal cells of L. galliennei and sucks out their contents; such behavior indicates a parasitic nature of the tardigradeholothuroid association. Another tardigrade, Actinarchus doryphorus, occurs on the body surface of the small European clypeasteroid echinoid Echinocyamus pusillus. According to Schulz (1935) , A. doryphorus is a facultative parasite.
Agents: Tardigrada
Agents: Crustacea, Copepoda The tardigrade Tetrakentron synaptae lives attached to the body surface of the synaptid a holoThere is little information regarding the relations thuroid Leptosynapta galliennei (Cuenot 1892 (Cuenot , 1912 , between echinoderms and closely associated copepods. This IS paradoxical given the high numbers of copepods recorded as echinoderm symbiotes (e.g. Humes 1980a , Stock 1968b . Table 2 lists species demonstrated or presumed to be parasites. Although many ectoparasitic copepods of echinoderins have been reported in the literature, the parasitic nature of these assoclations has been proven for only 4 species, viz. Cancenlla tubulata, Scottomyzon gibberum, Astel-ocheres lilljeborgi, and Ophiopsyllus reductus (respectively Carton 1968 , Rottger 1969 , Rottger et al. 1972 , Emson et al. 1985 . A. lilljeborgi is not particularly adaptated to parasitic life. It is a motile copepod which uses its siphon-shaped mouth to feed on the skin of the asteroid Henricia sanguinolenta. S. gibberum mainly lives on or near the pedicellarial rosettes of Asterias rubens where it seems to feed more deeply in the host tissues (Fig. 3) . 0. reductus lives firmly attached to its ophiuroid host and feeds on surface tissues. As for endoparasitic species, Pyefinch (1940) concluded that Ophioica asyrnnietrjca found in the genital bursae of ophiuroids does not feed on the host's tissues, and Changeux (1961) reported -based on casual observations -that the intracoelomic species Allantogynus delamarei 'browses' on the holothuroid's mesothelium. Host reactions against several species of parasitic copepods have been documented. Parasitism by Scottomyzon gibberum induces the infested asteroid to produce dermal outgrowths which progressively embed the copepods (Rottger 1969) . Ophiuroid hosts tend to produce a fibrous, sometimes calcified cyst around symbiotes which live in their bursae (Pyefinch 1940 , Heegard 1951 . However, encystment does not occur with all bursal-infesting species (Stephensen 1935a) . Mortensen (1933) recorded unidentified copepods inducing gall formation in the dorsal wall of both Ophionlitrella corynephora and 0. hamata. Paterson (1958) reported that cysts, presumably produced by the host, form around the intracoelomic copepod Cucumaricola notabilis. According to him, small spherical or oval cysts contain juvenile parasites. These cysts are attached to the coelomic wall either near the circumpharyngeal calcareous ring or on the cloaca near the insertion of the respiratory trees; large amorphous cysts containing mature copepods lie detached in the coelomic cavity. Jungersen (1914) reported that the ophiuroid Asteronyx loveni produces cysts around intracoelomic copepods. These cysts are attached on the ophiuroid's coelomic wall. Other intracoelomic copepods have been noted to live often 'free in the coelomic cavity' without seemingly inducing any host reaction (e.g. intracoelomic copepods of holothuroids). However, some bursal-or coelom-infesting copepods may produce conspicuous swellings of the body wall of ophiuroids. These swellings follow the outline of the parasite and do not result from a particular host reaction (Mortensen 6 Stephensen 1918 , Stephensen 1933 , Goudey-Perriere 1979 .
Copepods have been found to induce gall formation in the spines of echinothurid echinoids by Hansen (1902) , Stephensen (1935bj and Stock (1968a) . According to Stock, the galls consist of loose calcareous material and always occur in the middle part of the spines. Galls contain a pigmented ampula In which lives a slngle copepod. Another gallicole copepod, Pionodesmotes phormosomae, occurs inside the echinoid Hygrosoma petersi (Bonnier 1898 , Koehler 1898 , see also Mortensen 1935 (Fig. 4) . P. phormosomae lives in conspicuous inner galls located in the oral part of the host's coelomic cavity. The spherical, calcified galls correspond morphologically to intracoelomic outgrowths of the echinoid body wall. Each gall opens on the host's outer body surface by a slit measuring 1 to 2 mm in length. The slit is protected by the spines of the echinoid. At least 1 large female copepod was found in each gall. According to Bonnier (1898) the copepod does not prey on host tissues and obtains its food mostly from the outside through the slit in the gall. Mortensen (1935) reported that empty galls progressively disappear: the slit enlarges, then the gall wall normalizes, and finally new outer appendages develop.
The way in which intracoelomic copepods infest their host has been considered only for holothuroids and asteroids. According to Paterson (1958) and Changeux (19611, holothuroids are infested by larval copepods which cross the digestive wall either at the level of the esophagus or at the level of the cloaca and respiratory trees. In asteroids, Carton (1974) showed that male Botulosoma endoarrhenun~ penetrate the coelom of Ech~naster purpureus through the respiratory papulae Female B. endoarrhenum actually settle and grow in papulae, living in a kind of integumental cavity.
The effects of parasitic copepods on the biology of echinoderms have been considered practically only for Amphiurophilus amphiurae whlch parasitizes the genital bursae of a brooding ophiuroid Amphipholis squamata (e.g Goudey-Perriere 1979 . The author reported that the occurrence of the parasite does not affect the host's gonads but decreases the host's fecundity by inhibiting the development of embryos incubated in the ophiuroid genital bursae. Such inhibition could result from competition for food between parasite and embryos. Gonad destruction occurred, however, in the ophiuroids Ophiomitrella clavigera and 0. corynephora parasitized by an unidentified copepod (Mortensen 1933) . According to Emson et al. (1985) , parasitic copepods on the ophluroid Ophiocomella ophiactoides may decrease the tendency of the host to undergo fission (cross-disc division). Agents: Crustacea, Cirripedia
Thorac~d cirripeds (i.e. barnacles) somet~mes attach to the outer body surface of some specles of regular echinoids (Lytechninus andmesus, Tetrapygus niger, Stomopneustes variolans, Strongylocentrotus spp.) and clypeasteroids (Dendraster excentricus, Rotula orbiculus). Either of 2 situabons may occur: ( 3 ) the barnacle attaches only loosely to the host's body wall overlaping an intact cutaneous epithelium (Moore & McPherson 1963 ); (2) the barnacle is strongly attached to the echninoid test, the epidermis being destroyed (Giltay 1934 , Dartevelle 1940 , Boolootian 1958 , Strachan 1970 , Ganapati & Sastry 1972 , Hurley 1973 , Bay-Schmith & Jana 1977 . Barnacles Bdlanus spp. have been not~ced on echlnoderms mainly by casual observations, except for the association between D. excentricus and Balanus concavus pacificus detailed by Booloot~an (1964) . There appears to be general agreement that the activity of pedicellariae and spines would avoid settlement of barnacle cyprids on the echino~d body wall (e.g Campbell & Rainbow 1977) However, the reviewer believes that the failure of cyprids to settle results basically from the occurrence of a cutaneous epithelium which prevents larval fixation. Presumably cypr~d settlement can occur only when the echinoderm body wall is wounded. or when the epiderm is eroded for some mechanical or pathological reasons (such as bald-sea-urchin disease; Jangoux 1987a). Barnacles of the genera Pachylasma, Scalpellum and Verruca have been noticed firmly attached to the stem or cirri of several species of stalked crinolds (Clark 1921) .
Ascothoracida are 'naked barnacles' that parasitize octoralllan corals and echinoderms, except holothuroids. They have been found either as ectoparasites on crinoids and ophiuroids (genera Ascothorax, Parascothorax, Waginella) or as endoparasites in the coelomic cavity of asteroids and spatangoid echinoids (genera Ctenosculum, Dendrogaster, Ulophysema) ( Table 3 ) . Waginella metacrinicola lives attached to the cnnoid calyx where it forms a conspicuous depression. It feeds on the 'fluids' of the host by piercing the body wall w t h its oral appendages (Okada 1926) . Ophiuroid-associated ascothoracids infest the genital bursae producing marked swellings of part of the host disc (Fig. 5 ). According to Wagin (1946) Ascothorax ophioctenis feeds on the cells of the bursal wall and probably also on the coelomic fluid of the host. As for intracoelomic ascothoracids, Brattstrom (1947) concluded that Ulophysema oeresundense directly absorbs nutnents from the echinoid's coelomic fluid, while Wagin (1976) believed that coelomocytes form the bulk of the diet of Dendrogaster spp. (Fig. 6) .
Echlnoderms react against intracoelomic ascothoracids by forming a host envelope that surrounds the mantle of the parasite. According to Wagin (1946) , this envelope consists of coelomocytes and covers even the mantle opening which consequently is continually cleaned and smoothed by the ascothoracid's anterior appendages; Wagin claimed that such appendage activity actually corresponds to the normal way of obtaining food by intracoelomic Dendrogaster species. However, investigations by Bresciani & Jespersen (1985) on Ulophysema oeresundense, parasitic in the coelom of Echinocardium cordatum, showed that the envelope is made of choanocyte-like cells and that consequently it should originate from host mesothelium. A conspicuous host reaction also occurs in Parascothorax sinagodoides which lives attached in the bursal cavity near the bursal slit of Herouard (Goudey-Perl-iere) NW Atlantic (IYoods (1906) . Bocquet Hole region) (1952) . Masson (1965) . Goudey- Perriere (1979 Perriere ( , 1980 Giard (1887) . tubulata (0) surface 10 % (Giard) North Sea) Carton (1968) Stock (1968b) . Humes & Ho (1970) , Humes (1980a) Humes (1982) Enteroynathus comatulae Antedon mediterranea. D~g e s t~v e tract, rarely in 11 copepods, (2 d . Mediterranean Sea Antedon blhda (C) coelomic cavity 9 9 ) from 12A (Banyuls, Naples); NE mediterranea Atlantic (Dublin, Ply- (Changeux & Dela- mouth) mare Deboutteville) Giesbrecht (1900) , Grainger (1950 ), Changeux & De1amare.De. boutteville (1956 . Stock (1959) Enterognath us la tenpes Decametra chad~vlcki, Digestive tract Not more than 4 Indian Ocean (Red Sea) Heterornetra savignyi, copepods found OUgometra serripinna (Cl Stock (1966) (0) 1 to 3 copepods host-' (no more than 1 bursa infested host-') N Atlantic (S of Greenland. S of Iceland. W of Hebrides) Stephensen (1935b Stephensen ( .1940 Heegard (1951) Chordeum~~rm Asteronyxloven~(O) Cystsw-ithincoelomic obesum cavity (attachedcysts) Almost 100% lnfesta-NorthSea (Skagerrak) tlon; no more than 1 copepod gaU-l Mortensen (1912) . Jungersen (1912 Jungersen ( ,1914 Le Calvez (19381, Bocquet (1952) ParachorAmphipholissquamata Coelomiccavlty deumium (0) tetraceros Only 1 copepodobMed~terranean (Villesewed franche)
' Indentlfled Phormosoma uranus by Koehler (1898) Ophiura quadrispina (Wagin 1964 (Wagin , 1976 . The ophiuroid first encysts the parasite with its own tissues; then both cyst and parasite grow into the bursal cavity. The cyst is gradually ejected from the cavity through the bursal slit. P. sinagodoides apparently has adapted its llfe cycle to the reaction of its host, as rejected cysts as a rule include infesting ascothoracid larvae. According to Grygier (1985b) the asteroid-associated ascothoracid Endaster hamatosculum lives in conspicuous inner galls located in the arm coelom of its host. Galls are calcified and correspond morphologically to intracoelomic outgrowths of the asteroid body wall; each gall opens on the host's outer body surface by a slit-like hole. Ascothoracids may castrate their host. Thus Ascothorax ophioctenis causes complete castration of Ophiocten sericerum, even though it does not feed on the host's gonads. Wagin (1946) found a single juvenile A. ophioctenis to Inhibit the activity of the germinal epithelium leading to a regression of the whole gonad. Similar castration occurs in spatangoids infested with large-sized Ulophysema oeresundense. According to Brattstrom (1947) , castration results from competition for food between gonads and ascothoracid. Casual observations of host castration have been made also by Yosii (1928b) , Fisher (1930) and Korschelt (1933) . Heavy infestation of Ophionotus victoriae by Ascothorax gigas (up to 7 genital bursae infested) causes occlusion of the ophiuroid mouth opening and reduces the development of the gonads (Grygier & Fratt 1984) . The gonads do not coillpletely regress, however. The stoillach volume is reduced, but there is no demonstrable reduction in the volume of ston~ach contents.
According to Brattstrom (1947) infesting larvae of Ulophysema oeresundense usually penetrate their host through the genital apertures and also through the ambulacral pores. Infesting larvae thus reach either the gonadal lumen or the axial sinus. They must cross the wall of the gonad or of the axial sinus in order to reach the general coelomic cavity where they normally grow and reproduce. When mature. Ulophysema spp. most frequently attach to the apical part of the host's body wall in which they bore holes up to 1 mm in diameter. These holes are used by the larvae to escape from the host. Grygier (1981) suggested that the release of larvae from a female Dendrogaster antarcticus into the asteroid coelorn is produced by rupturing of the mantle of the female. Larvae of Dendrogaster tasmaniensis penetrate the asteroid Allostichaster polyplax through respiratory papulae; they infest the coelom and escape by crossing the asterold's stomach wall and passing to the outside through its mouth (Hickman 1959) .
Agents: Crustacea, Malacostraca
Associations between amphipods and echinoderms were reviewed by Vader (1978) . A parasitic relation has been inferred by Shoemaker (1919) for Laphystiopsis iridometra whlch l~v e s embedded in the calyx of the crinoid Iridometra melpomene. Typical ectoparasihsm occurs with the North Sea species Epimeria parasitica which feed on the outer tissues of the holothuroid Stichopus tremulus and the asteroid Porania pulvillus (Vader 1978) . According to Ruffo ( 1 9 ) the amphipods Jassia ocia and Aristias negletus occur at Banyuls (France, Mediterranean Sea) in the coelomic cavity of the holothuroid Stichopus regalis and the crinoid Antedon mediterranea, respectively.
An unexpected association between the tanaidacean Exspina typica and 3 species of deep-sea holothuroids has been reported by Thurston et al. (1987) . E. typica should be considered a facultative parasite; it occurs either in the intestine or body cavity of its host.
Crabs associated with and potentially harmful to echinoderms belong to 3 distinct families:
Pinnotheridae (genera Dissodactylus, Ophisthopus, Pinnaxodes, Pinnixa, Pinnotheres) , Parthenopidae (genera Echinoecus, Zebrida) , and Portunidae (genus Lissocarcinus) (Table 4) . Feeding habits of associated species of Ophisthopus, Pinnixa, Pinnotheres and Lissocarcinus have not been reported. Presumably these forms do not feed on host tissues, nor cause any other detrimental effects, except to slightly wound the wall of the respiratory trees or of the cloaca (Tao 1930 , Jones & Mahadevan 1965 . Species inhab~ting the posterior part of the echinoid digestive tract (Echinoecus convictor, E. pentagonus, E. ra thbunae and Pinnaxodes chilensis) are generally said to feed on host fecal pellets (e.g. Miyake 1939 , Fenucci 1967 . Trophic relations between E. pentagonus and the echinoid Echinothrix calamaris were studied carefully by Castro (1971) (see also Suzukl& Takeda 1974) . Males and small immature females inhabit the peristomeal region where they feed on epithelia1 tissue and tube feet, damage being in equilibrium with the regenerating capacities of the host. Large mature females live in the rectum and ingest material from fecal pellets and aggregates of pigmented coelomocytes that migrate across the rectal wall. Table 3 . Parasitic ascothoracid cirripeds (compiled from the sources indicated). Ascothoracid species names according to Wagin (1976) and Grygier (1981 Grygier ( to 1983 . Hosts: A, asteroids; C. crinoids, E, echinoids; 0, ophiuroids. Unidentified species of ascothoracids were reported from asteroids by Fisher (1940 ; Diplasterias meridionalis) a n d from ophiuroids by Bartsch (1982 Pacific (Philippines, Le Roi (1905 . Iudwigi Certonardoa seniireJapan Sea; Tasmania) Yosii (1928b) , gularis, Nepanthia be]- Kenny (1959 
Crossasterpapposus, Coelornic cavity Barents Sea; N Pacific Korschelt (1933 (0) oph~uroid-' Ulophyserna oeresundense
Ulophysema
Pourtalesia jeffreys~ (E) Coelom~c cavity pourtalesiae Bering Sea Wagin (1950) NE Pacific (off Grygier (1982) California) Bering Sea Wagin (1950) NW Pacific (Okhotsk Wagin (1950) Sea) Phihppine Seas Flsher (1919) . Grygier (1985a) Around Tasman~a Hickman (1959) Ph~lippines Sea Grygier (1985b) Okhotsk Sea Wagin (1964) Echinocardium corCoelomic cavity; more 1 to 9 (mostly 1) asco-North Sea (Scandina-Brattstrom datum, Echlnocard~um rarely gonads, amthoracids echinoid-' vian coast) (1936. 1938 Sea of Japan Okada (1926 , 19381, Gqfg~er (1983b Indonesia; China Sea Grygier (1983b) Waren (1981) showed that Ctenosculum hawaiiense (Heath 1910 ) is better interpreted as an ascothoracid than as a mollusc; Grygier (1983a) confirmed this op~nion from d~rect examinailon of C. hawailense According to Mortensen (1943a) and Suzuki & Takeda (1974) an obvious parasitic relation occurs between the parthenopid crab Zebrida adamsi and several echinoid species (Table 4 ) . the crab feeds on appendages, skin and peripheral dermal tissue of echinoids, producing conspicuous naked test areas. Similar parasitic behavior also occurs with some species of Dissodactylus living on clypeasteroid and spatangoid echinoids (Dexter 1977 , Telford 1982 , Bell & Stancyk 1983 . Telford (1982) reported that, depending on the species studied, the associated Dissodactylus take 50 to 100% of their diet from host tissues. According to him differences in feeding habits can be attributed partly to the structure of host spines, viz, larger test areas are denuded if the spines of the echinoid host are more porous (Fig. 7) .
Gut-inhabiting species may produce deformations that are sometimes very conspicuous. Verrill (1867) reported that Pinnotheres chilensis considerably distends the rectal wall of the echinoid Coenocentrotus gibbosus to form a membranous cyst. The cyst attaches aborally to the echinoid body wall and extends near the mouth into the coelomic cavity. The anal area of the host is depressed and distorded, and the echinoid test is usually swollen on the side over the cyst (Fenucci 1967) . P. chilensis parasitizes both C. gibbosus and Loxech~nus albus. According to Mortensen (1943b) the crab does not induce major test deformation when infesting L. albus. Similar but less conspicuous deformations are caused also by Echinoecus convictor, E. pentagonusand E. rathbunae (respectively Bouvier & Seurat 1905 , Castro 1971 , Miyake 1939 , all of them producing swellings of anal tube and periproct of their host. spine actlvity which decreased the ability of clypeasAccording to Suzuki & Takeda (1974) and Dexter terolds to feed and to move about in aquaria, resulting (1977) , infestations by ectoparasitic crabs often exert in a substantial increase in mortality. major effects and may h 1 1 echinoids. The crabs select a particular site on the host's body surface and clear away the spines of the region (see also Telford 1982) .
Agents: Arachnida; Pycnogonida; Insecta This produces an obvious decrease in movements and spine activities of infested regular echinoids (Suzuki & The only arachnid reported to be an echlnoderm Takeda 1974). Dexter (1977) found in the gut of the echinoid Plesiodiadema indicum (Viets 1939) . Three specimens were collected in echinoid material dredged by the Albatross off North Moluccas, Indonesia. Northing is known about hostassociate relations. Pycnogonid-echinoderm associations have been noticed by several authors who generally suggested an ectoparasitic relation. Associations with holothuroids were observed by Prell (1910; Pycnogonum littorale/ Cucumaria frondosa) and Ohshima (1927; Lecythrorhynchus hilgendorfi/Holoth uria lubrica) . According to Ohshima, a single host may carry up to 30 pycnogonids which supposedly absorb the blood or 'body juice' of the holothuroid. An obvious pycnogonid-ophiuroid association occurs a t Aldabra (Indian Ocean) with 3 species of Ophioderma and the seaspider, Anoplodactylus ophiurophilus (Sloan 1979 , Stock 1979 ). Sloan reported various infestation levels -from 3.6 to 83.7% -depending on the host species. He presented evidence that A. ophiurophilus has the potential to feed on the host's tube feet. The occurrence of pycnogonids on echinoids and asteroids has also been reported casually (Stock 1981 ).
An unexpected association between the marine trichopter Philanisus plebeius and the asteroids Patiriella exigua and Patiriella regularis was reported by Anderson et al. (1976) and by Winterbourn & Anderson (1980) . Caddis fly eggs were found in the asteroid coelomic cavity. Singly or in small clumps, eggs occur loose within the coelom close to the peristome or enveloped in stomach folds. The authors presumed that eggs are deposited through the respiratory papulae and that newly hatched intracoelomic larvae leave the host either via the same route or through the stomach wall. According to Winterbourn & Anderson (1980) , (E) perforata (Pearse) ; al-Florida) most 100 9b inlestation (Johnson) Rathbun (1918) . Pearse (1947) , Johnson (l952) , Gray et al. (1968) Castro (1971 Castro ( , 1978 . Suzuki & Takcda (1974) . Sastry (1977 Sastry ( , 1981 Echlnoecus pentagonus Ortmann (1894) , Meissner (1896) . Clark (l910) , Rathbun (1918) . Schwdbe (1936) , Mortensen (1943b) , Fenucci (1967) Rathbun (1918 Chopra (1931) , Jones & Mahadevan (1965) . Adithiya (1969) Doflein (1904) . villosissirnus na, Actlnopyga lecandaman Sea; west coast Chopra (1931) ora (H) of Sumatra) Zebnda adams~ Diadema selosum, Outer body surface As a rule 1 crab NW Pacific (Japan: Rathbun (1910 
Agents: Pisces
Associations between echinoderms and carapid fishes (pearlfishes) are of particular interest as they concern -at least in a few cases -typical parasitic relations between an invertebrate host and a vertebrate associate. The systematics, general biology, and ecology of pearlfishes are documented satisfactorily, and some species have been studied in detail (e.g. Zankert 1940 , Arnold 1956 , Trott 1970 , Van Meter & Ache 1974 , Smith et al. 1981 , Trott 1981 . Pearlfish species associate with holothuroids and asteroids are listed in Table 5 .
Most authors report that the stomach contents of Carapus spp. from echinoderm coelomic cavities do not show remains of host tissue (e.g. Trott 1970 , Smith et al. 1981 . Carapus spp. are predators. Basically, they use the host's coelom as shelter (Fig. 8) . They leave it in order to catch prey, feeding primarily on crustaceans. Casual observations of feeding by Carapus on the host's gonad have been reported however (Hipeau- I beside the devastated area where it had been feeding. (After Telford 1982) i Fig. 7 Dissodactylus crinitichelis, a n ectoparasitic crab of the clypeastroid echinoid Mellita sexiesperforata. The crab is seen (H) holothuroid; coelomic Certonardoa semirecavity of asteroid gularis (A) ' Identified Carapus homei by many authors Previously identified Mithrodia fisheri [Jangoux 1974) Jacquotte 1967), and some authors suggested that juvenlle individuals could depend on their host for food (Jangoux 1974 , Meyer-Rochow 1979 . In contrast, Encheliophis spp, are considered true parasites which Infestation level may Tropical lndo-W reach 30 % (Trott & Pacific Trottl Infestation common NW Pacific (Japan: in H. monacaria Sagami, Misaki) (Tanaka) Emery (1880) . Zanker (1940) , Arnold (1953 Arnold ( , 1956 . Gustato (1977) Linton (1907) , Parker (1926) , Ancona-Lopez (1956) . Smith & Tyler (1969) . Trott (1970) , Dawson (1971) , Koster & Caycedo (1979) . Smith et al. (1981) Putnam (1874) Bedford (l899), Fisher (1907) . Sivickis & Domantay (1928) , Mukerji (1932) , Smith (1964) . HipeauJacquotte (19671, Trott (1970 (19671, Trott ( . 1981 , Trott & Trott (1972) Putnam (1874) , Simpson & Brown (1910) , Mortensen (1923) , Mukerji (1932) . Strasburg (1961) . Smith (1964) , HipeauJacquotte (1967) , Trott (1970) , Trott & Trott (1972) . Cheney (1973) . Jangoux (1974) , Meyer-Rochow (1977 Doleschall(1861) . Arnold (1956) . Strasburg (1961) . Smith (1964) , Trott (1970) , Trott & Trott (1972) , Cheney (1973) Tanaka (1908) , Yosii (1928a) stay permanently in the echinoderm coelom feeding on host viscera (Strasburg 1961 , Smith 1964 .
Effects of pearlfish infestations are said to be practically non-existent except for Enclieliophis spp. which presumably cause castration by consuming the host's gonads. Carapus spp. cause only slight injury by piercing the host's digestive wall when entering or leaving the coelomic cavity. At low infestation levels the effect on the host should be negligible as pearlfishes do not always infest the same host, but shelter in the nearest suitable host found. However, in a higher infested echinoderm population (high infestation levels were, for example, recorded by Mortensen [l9231 and Trott [l9701 for Carapus mourlani inhabiting Culcita novaeguineae) chances increase that a given host is infested regularly; hence repeated loss of coelomic fluid and successive wound repairs have to be considered.
